Tumefactive multiple sclerosis is an inflammatory demyelinating disease of the central nervous system. It has recently been described as a rare subtype of multiple sclerosis (MS) characterised by the appearance of solitary or multiple spaceoccupying lesions associated with imaging characteristics mimicking neoplasm. Atypical features include plaque size >2 cm with mass effect, oedema, and/or ring enhancement on magnetic resonance (MR) images. This study is a retrospective review designed to evaluate the prevalence of tumefactive plaques in a selected population of 440 MS patients referred to our MS centre in Southern Italy between 2005 and 2014. We analysed the radiographic features of lesions ranging in size from 0.5 to 2 cm to establish whether smaller plaques with MR characteristics similar to tumefactive plaques present different symptoms, disease evolution and prognosis. We also aimed to ascertain if MR features suggestive of biological aggressiveness could be useful prognostic criteria for a correct diagnosis of the disease and subsequent treatment. Our data suggest that lesions 0.5-2 cm and >2 cm have similar MR features and clinical evolution.
Introduction
Tumefactive multiple sclerosis (TMS) is an inflammatory demyelinating disease of the central nervous system. It has recently been described as a subtype of multiple sclerosis (MS), characterised by the appearance of solitary or multiple space-occupying lesions associated with imaging characteristics mimicking neoplasm. Atypical features include plaque size >2 cm with and mass effect, perifocal oedema, and/or ring enhancement on magnetic resonance (MR) images. 1 The tumefactive condition is an extremely rare MS variant occurring in one per 1000 cases, or in three per million cases per year. 2, 3 Clinical presentations vary depending on lesion location and size and include headache, cognitive abnormalities, mental confusion, aphasia, apraxia and/or seizures. 4, 5 Tumefactive demyelinating lesions may occur in patients with or without established MS. They can mimic other lesions of the brain both in clinical presentation and imaging features. Atypical clinical and imaging presentations may mimic brain tumour, cerebral abscess or other inflammatory disorders. Diagnosis may necessitate brain biopsy, although radiological features such as open-ring enhancement may help distinguish tumefactive from neoplastic or other lesions. Choosing when to biopsy a tumefactive lesion to exclude alternative pathology can be challenging. [6] [7] [8] [9] This study is a retrospective review designed to evaluate the prevalence of tumefactive plaques in a selected population. We analysed the radiographic features of lesions ranging in size from 0.5 to 2 cm to establish whether smaller plaques with MR characteristics similar to tumefactive lesions can also be defined as tumefactive. The study also aimed to ascertain if MR features suggestive of biological aggressiveness could be useful prognostic criteria for a correct diagnosis of the disease and subsequent treatment. 10 
Materials and methods
Ethical committee approval was obtained for this retrospective study. We reviewed brain MR scans of 440 MS patients who presented to the Multiple Sclerosis Centre of San Salvatore Hospital in L'Aquila, Southern Italy between 2005 and 2014. Out of the 440 patients, 147 were excluded due to partial information. The remaining 293 patients were monitored by 1153 MR scans (Table 1) .
Standardised contrast-enhanced MR scans were performed on a GE (General Electric Medical Systems, Milwaukee, WI, USA) Signa 1.5T MR device using birdcage head coils, 3 mm slice thickness and no interslice gap. Pre-contrast axial T2-weighted images, axial T1-weighted, axial fluid-attenuated inversion recovery (FLAIR), coronal T2-weighted and post-contrast axial T1-weighted and T1-weighted three-dimensional (3D) fast spoiled gradient echo (FSPGR) volumetric sequences were obtained in all cases.
Each patient underwent spectroscopic analysis to confirm the nature of the plaques in association with clinical diagnosis. Clinical information was obtained by medical record review by our MS centre. We excluded patients with known neoplastic disease, infection, vascular or other non-demyelinating inflammatory diseases of the central nervous system, and neuromyelitis optica.
Each plaque was analysed to acquire the following data: lesion site; margin characteristics (well-defined, diffuse); size range (<2 cm and >2 cm) of the margin-to-margin signal abnormality on T2-weighted scans; presence and degree of mass effect (mild, moderate/severe); presence and degree of oedema (mild, moderate/severe); presence of a hypointense rim on T2-weighted scans, appearing as a smooth, complete and thin border on T2-weighted scans, hypointense to the hyperintense lesion centre and surrounding oedema (Figures 1-3 ). Enhancement patterns were defined as homogeneous (uniform solid enhancement throughout the lesion), ring-like (circular border around the lesion), or heterogeneous (variable complex enhancement pattern and distribution).
We identified more specific patterns in some patients with heterogeneous enhancement, and defined them as diffuse and patchy; 'fluffy/cotton ball'; nodular and punctate (Figures 4 and 5) .
A tumefactive demyelinating lesion was defined as a large solitary lesion >2 cm in size associated with mass effect, perilesional oedema and/or ring enhancement (Group A). Smaller plaques (<2 cm in diameter) were also considered, associated with mass effect, perilesional oedema and/or ring enhancement (Group B).
We analysed the number of other lesions appearing hyperintense on T2-weighted scans (<5, 5-10, >10 mm), hypointense on T1-weighted scans (<5, 5-10, >10 mm), and enhancing (<5, 5-10, >10 mm). Follow-up studies were analysed to determine the likelihood that patients with <2 cm plaques could relapse with additional unifocal or multifocal lesions. Our results were summarised with descriptive statistics, including mean, median, standard deviation (SD), interquartile range (IQR), and frequencies (%). We quantified the degree of heterogeneity using the Isquared (I 2 ) statistic, and its significance was determined based on the accompanying Q p value. Two neuroradiologists evaluated the results based on consensus.
Results

Tumefactive plaque
We identified 24 tumefactive plaques >2 cm (Group A) and seven tumefactive plaques <2 cm (Group B) in 293 MS patients (8.21%) ( Table 1 ). Group A comprised three males (12.5%) and 21 females (87.5%) with a median disease duration of 9.8 years on 31 December 2014. There were no significant differences in sex and age distribution or age at disease onset (Tables 2 and 3) . A mean number of 5.8 (SD 4.99) MR scans were reviewed per patient (range 0-21) in Group A and 5.1 (SD 3.87) in Group B (Table 4 ). Only four patients in Group A showed the lesion at onset, whereas the pseudotumoral plaques appeared during follow-up in the remaining 20 patients.
Lesion location
There were no differences in lesion location between the two groups. Group A lesions involved multiple anatomic areas ( Figure 6 ) mainly the frontal, parietal and periventricular regions. Group B lesions involved frontal, parietal and periventricular regions: The frontal region was involved in four cases (57.1%), the parietal in two (28.5%), and the periventricular region in one (14.2%) ( Figure 6 ).
Plaque features
In Group A, 23 plaques (95.83%) had well-defined margins and one (4.1%) had diffuse margins. All the lesions were associated with mass effect, which was mild in 19 cases (79.1%) and moderate to severe in five (20.8%). Oedema was most often mild (22 cases, 91.6%) but moderate to severe in two patients (8.3%) ( In Group B, six plaques (85.7%) showed welldefined margins and one (14.2%) had diffuse margins. All the lesions were associated with mild mass effect. Oedema was always mild. One patient (14.2%) showed no contrast enhancement. Ring enhancement was the most common pattern (six patients, 85.7%). T2-weighted MR sequences showed a hypointense rim around the lesion in all cases. We also analysed the evolution of black holes. All patients with plaques >2 cm had black holes after 299.5 days (mean value). Six patients (85.7%) with plaques <2 cm had black holes and mean evolution was 437.571 days ( Table 6 ).
Discussion and conclusions
MS is a chronic inflammatory demyelinating disease of the central nervous system most often diagnosed in young adults although paediatric and older patients have been described. 11, 12 The disease affects 350,000 individuals in the United States and 2.5 million worldwide with no clear sex predilection.
MS is characterised by relapsing-remitting deficits affecting different functional systems of the central nervous system. Clinical findings include episodes of focal disorders of the optic nerves, spinal cord, and brain, which remit to a varying extent and recur over a period of many years. The neurologic manifestations are protean, being determined by the varied location and extent of the demyelinated foci. The clinical course varies from a benign, largely symptom-free disease to one that is rapidly progressive and disabling. Most patients begin with relapsing and remitting symptoms. At first, recovery from relapses is almost complete, but then neurologic disability gradually accrues. The lesions are therefore multiple in time and space. [13] [14] [15] TMS is an uncommon manifestation of demyelinating disease and may pose a diagnostic challenge in patients without a pre-existing diagnosis of MS. [16] [17] [18] [19] [20] [21] [22] TMS may mimic other intracranial processes, such as brain abscesses, malignancies and acute disseminated encephalomyelitis that must be distinguished to avoid inadvertent surgical or toxic chemotherapeutic intervention. Some MR features of tumefactive lesions may help to distinguish TMS from other processes. TMS presents with a large (>2 cm) intracranial lesion with mass effect, perilesional oedema and/or ring enhancement with gadolinium contrast. Open-ring enhancement directed toward the cortical surface has been associated with demyelinating lesions. 4, 13 Our study identified 24 tumefactive lesions in 293 MS patients (8.21%), a higher proportion than the previous estimate of 0.1%-0.2% of MS patients. 23 However, the higher percentage may be explained by the many MR studies carried out in our MS patients and the high quality currently offered by this technique compared to the past. The true incidence of tumefactive lesions is unknown and Poser's results 24, 25 are probably an underestimation. However, we are investigating for possible environmental factors, which may be responsible for the high incidence in our region.
Our cohort differs from those of other studies. Although MS usually occurs in female patients, the female predominance in our study (87.5%) is much higher than the proportion reported in other studies investigating TMS (1-2/1000 cases). 25 The median age at onset (31 years old) was slightly older than in other studies. 24, 25 Other distinctive features include a lower EDSS index attack (2.08), higher median disease duration (12.5 years) and tumefactive lesions mainly 0.3-2 cm in size (82.6%). The tumefactive plaques resembled those of other studies, including brain lesions located in frontal and parietal regions (29% and 22.5%, respectively), well-defined margins (74.2%), mild mass effect (93.6%), mild oedema (80.6%) and an enhancing pattern (rim enhancement, 45.2%). 2 We also compared the features of patients with and without tumefactive plaques. Our data do not show significant differences in age at disease onset (patients with TMS were slightly younger) or in the female prevalence, which is similar but slightly higher than that seen in classic MS. The main differences are the median disease duration, which is lower in patients with tumefactive lesions (9.8 years vs 12.6 years), and the mean number of MR scans in each patient, which is higher in the group with tumefactive lesions (5.8 vs 3.9).
The definition of 'tumefactive plaque' is not consistent in the literature and may refer to various combinations of the following: large size (>2 cm), presence of mass effect or oedema and/or atypical enhancement patterns (ring, heterogeneous, etc.). 5 We analysed the morphology of all plaques and noted that plaques <2 cm presented the same mass effect, oedema and ring enhancement as plaques >2 cm. Monitoring the evolution of all 24 tumefactive plaques, we found no significant differences in MR characteristics between plaques <2 cm and >2 cm except for black hole evolution: Plaques <2 cm became black holes in 437.571 days whereas those >2 cm in 299.5 days. This may indicate a slower evolution in <2 cm plaques.
Our study demonstrates that size criteria are not appropriate and that lesions <2 cm and >2 cm have similar MR features and black hole evolution. 
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